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June 22, 1961 

Attendees of Conference on 
P r o p e r t i e s  of A lka l i  Metals  

Enclosed a r e  two cop ie s  of t h e  "notes"  of t h e  Conference on 
P r o p e r t i e s  of Alka l i  Metals  which was h e l d  a t  B a t t e l l e  on Apr i l  24, 
1961. 
a s s e m b l i w  t h e  c o n t r i b u t i o n s  was postponed a number of times f o r  "more 
urgent ' '  a c t i v i t i e s .  
t h e  information u s e f u l .  

My apologies  f o r  t ak ing  s o  long t o  g e t  t h i s  m a t e r i a l  t o  you, b u t  

However even a t  t h i s  l a t e  d a t e  I hope t h a t  you f i n d  

No a t tempt  h a s  been made t o  e d i t  o r  r e v i s e  t h e  m a t e r i a l  
submit ted.  
some c o n t r i b u t i o n s  wi th  t h e  au thor  and company names. 

I t  h a s  been reproduced a s  r ece ived  except  f o r  i d e n t i f y i n g  

I t  was a p l easu re  t o  have you a t  B a t t e l l e  a s  our  g u e s t ,  and I 
hope t h a t  you w i l l  v i s i t  aga in  when t h e  oppor tun i ty  a r i s e s .  

Very t r u l y  yours ,  

Alexis W .  Lemon,  Jr. 
P r o j e c t  Coordina tor  

AWL: J M  
Enc . 
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AGENDA 
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B a t t e l l e  Memorial I n s t i t u t e  
505 King Avenue 

Columbus 1, Ohio 

Herman Schwartz,  NASA-Lewis Research Cen te r ,  Chairman 

Alexis W .  Lemon,  J r . ,  B a t t e l l e  Memorial I n s t i t u t e ,  Vice Chairman 

Welcome - Dr. B. D. Thomas, P r e s i d e n t ,  B a t t e l l e  Memorial I n s t i t u t e  

In t roduc to ry  Remarks - Herman Schwartz (NASA) 

NASA Alka l i  Metals (Loop) Program - Arhtur  Glassman, NASA-Lewis Research 
Center 

Su rve i l l ance  of  P r o p e r t i e s  - W .  D. Weatherford,  Southwest Research 
I n s t i t u t e  

Discussion 

Coffee Break 

B a t t e l l e  Program on P r o p e r t i e s  of Potassium 

I n t r o d u c t i o n  and Vapor P r e s s u r e  - A. W .  Lemon,  Jr. 

P-V-T P r o p e r t i e s  - W .  H .  Mink 

S p e c i f i c  Heat (Liquid)  - H .  W .  Deem 

Thermal Conduc t iv i ty  (Liquid)  - H. W .  Deem 

Viscos i ty  (Liquid and Vapor) - E. H .  H a l l  

Discussion 

NASA-Lewis Research Center  P r o p e r t i e s  Program - Louis  Rosenblum 

Discussion 

Lunch 

NRL Sodium Program - Jack  P. Stone 

Discussion 

Oak Ridge Program - Herbe r t  W .  Hoffman 

Aerojet-General Nucleonics Program - Ray W .  Ca rpen te r  

P & W Program - Robert  C lea ry  

Columbia U n i v e r s i t y  Program - C.  F. B o n i l l a  

Discussion 

Recap i tu l a t ion  by Vice Chairman - Alexis  W .  Lemmon, J r .  ( B a t t e l l e )  

Adjournment 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  
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ALKALI METALS PROGRAM* 

Fluid System Components Division 
Lewis Research Center 

f lu ids  . 
1, 

2. 

3. 

Ir. 

The alkal i  metals appear t o  be the logical  choice as working f lu ids  
f o r  auxiliary power systems f o r  space vehicles. 
Division a t  the hwis Research Center has undertaken a number of studies 
f o r  the purpose of developing such systems, 

The Fluid System Components 

? 

% 
P 
01 

These studies require re l iab le  
data on the physical and thermodynamic properties of the candidate working 

A brief outline of these studies follows: 

Flash Vaporization Faci l i ty  

Fluid: Sodium 
Maximum Temperature: 

Purpose: 

17000F - l iquid (30 psia) 
16200F - vapor (15 psia) 

To study operational characterist ics of a two-phase loop, 
nozzle expansion characterist ics of sodium vapor, 
material corrosion and erosion, instruments f o r  high 
temperature a lka l i  metal systems, and possibly boi ler  
ins tab i l i ty  and phase separation. 

Turbine Facil i ty . 
Fluid: Sodium 
Maximum Temperature: 
Purpose: 

service. 

1620OF = l iqu id  and vapor (15 psia) 
To study and develop a turbine (150 hp) f o r  sodium 

Pump Facili ty 

Fluid: Sodium 
Maximum Temperature: 1 7 W F  
Maximum Pressure: 275 psia  
Arrpose: To study and develop mechanical pumps f o r  high 

temperature sodium systems. 

Heat Transfer Facil i ty 

Fluid: Potassium, Sodium 
Maximum Temperature: 17000F - liquid) 

17000F - vapor ) Potassium 

25000F - liquid) 
2 2 0 0 0 ~  - vapor ) s odium 

Purpose: To study forced convection heat transfer with and 
without boiling, 

. 

“ P r e s e n t e d  by A r t h u r  J .  Glassman,  T u r b o d r i v e  S e c t i o n  



5. Condenser Facility 

Fluidt Potassium, Sodium 
Maximum Temperatmet 17000F - liquid and vapor 
Purpose: To study condensation of alka l i  metal  vapors. 

6. Radiator Facility 

Fluidt Potassium, NaK, possibly Lithium 
M~Y&UWU Temperatmet 16OOOF 
Purpose: 

configurations. 
To stw thermal radiation and condenser-radiator 

7. B e a r i n g  Facility 

Fluid: Sodium 
lhximxn Temperature: 15SWF 
Purpose: 

8. SealFacflity 

To study the behavior of journal bearing and thrust-type 
bearing materials in liquid sodium at high speed. 

Fluid: 
kcimum Temperature: 16000F 
Purpose: 

Sodium, possibly Potassium and Rubidium 

To study seal materials and designs for use in sodium 
system. 
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SURVEILLANCE O F  PROPERTIES O F  INORGANIC ENERGY- CONVERSION 
AND HEAT- TRANSFER FLUIDS FOR SPACE APPLICATIONS* 

Presen ted  by W. D. Weatherford,  Jr. 
Southwest Resea rch  Inst i tute  

San Antonio, Texas 

The p rogram on energy-conversion and hea t - t r ans fe r  f luids was 

begun in  1959 under the sponsorsh ip  of the WADD Propuls ion Laboratory,and 

a proper t ies  handbook was  i ssued  in  December  1959, as WADC Technical  Repor t  

59-598 (ASTLA Document AD 230-065). The p ro jec t  is now being continued under  

the sponsorship of the WADD Applications Labora tory  f o r  the purpose  of extend- 

ing the coverage to additional f luids and of reappra is ing  and revis ing,  if n e c e s s a r y ,  

the information presented  previously.  

vapor  phases  of m e r c u r y ,  ces ium,  rubidium, potass ium,  NaK, sodium, l i thium, 

bismuth,  lead, sulfur ,  aluminum bromide,  and l i thium hydride,  and on the gases ,  

hel ium, hydrogen, and argon.  

m e r c u r y  and 4500°F f o r  lead and p r e s s u r e s  ranging f r o m  less than one a tmos -  

phe re  to g rea t e r  than 20 a tmosphe res  a r e  of specif ic  i n t e re s t .  The p rope r t i e s  

of i n t e r e s t  include vapor p r e s s u r e ,  densi ty ,  v i scos i ty ,  su r f ace  tension,  e l ec t r i -  

cal  res i s t iv i ty ,  thermal  conductivity, specif ic  heat ,  la tent  hea t ,  thermodynamic 

interrelat ionships ,  ionization potential ,  d i e l ec t r i c  constant ,  magnet ic  suscept i -  

bility, nuclear  c r o s s  sec t ions ,  and co r ros ion  cha rac t e r i s t i c s .  

Emphas is  is placed on the condensed and 

Tempera tu res  ranging f r o m  3 5 0 ° F  to 2300°F f o r  

~ ~~ 

* This  project  is sponsored by Wright A i r  Development Division, A i r  Resea rch  
and Development Command,  United States  A i r  F o r c e ,  Cont rac t  No. A F  33(616)- 
7206. 
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NOTES ON 

ENGINEERING PROPERTIES OF POTASSIUM 

BATTELLE MEMORIAL INSTITUTE 

Apr i l  24, 1%1 

INTRODUCTION AND SUMMARY* 

A t  t h e  p re sen t  time B a t t e l l e  i s  performing r e sea rch  f o r  NASA t o  
de te rmine  t h e  "Engineering P r o p e r t i e s  of Potassium" under  Con t rac t  NAS 5-584. 
NASA's i n t e r e s t  i n  potassium stems from i t s  p o s s i b l e  a p p l i c a t i o n  a s  a working 
f l u i d  i n  nuc lea r  e l e c t r i c - g e n e r a t i n g  systems f o r  e l e c t r i c a l  power o u t p u t s  i n  
excess  of 100 kw. 

This  program was i n i t i a t e d  a t  B a t t e l l e  on October 1, 1%0,  t o  
perform measurements of vapor  p re s su re ,  l i q u i d  s p e c i f i c  h e a t ,  l i q u i d  thermal  
c o n d u c t i v i t y ,  vapor  v i s c o s i t y  and l i q u i d  v i s c o s i t y .  Recent ly ,  on March 15, 
1%1, a u t h o r i z a t i o n  was rece ived  t o  begin work t o  determine expe r imen ta l ly  t h e  
P-V-T p r o p e r t i e s  and vapor s p e c i f i c  hea t .  
d a t a  t o  be ob ta ined ,  h e a t  of ' vapor i za t ion ,  vapor  a s s o c i a t i o n ,  en tha lpy ,  and 
en t ropy  w i l l  be computed. 

I n  a d d i t i o n  t o  t h e  exper imenta l  

On t h e  p a r t s  of t h e  program o r i g i n a l l y  i n i t i a t e d ,  equipment i s  

Planning of t h e  appara tus  f o r  t h e  measurement of P-V-T 
be ing  planned and b u i l t  f o r  a l l  experiments except  t h e  measurement of t h e  
vapor  v i s c o s i t y .  
p r o p e r t i e s  began r e c e n t l y  and only pre l iminary  des igns  a r e  known. 

I t  i s  expected t h a t  d a t a  on t h e  vapor  p r e s s u r e ,  l i q u i d  s p e c i f i c  h e a t  
and l i q u i d  v i s c o s i t y  w i l l  become a v a i l a b l e  about  t h e  end of  t h i s  summer, 
b u t  d a t a  from t h e  remaining p o r t i o n s  of t h e  program w i l l  n o t  be a v a i l a b l e  i n  
any q u a n t i t y  u n t i l  t h e  summer of 1962. 

EXPERIMENTAL MATERIALS" 

Mater ia  1 s of Cons t ruc t ion  

A number of high-temperature me ta l s  and a l l o y s  were cons idered  f o r  
p o s s i b l e  use  a s  m a t e r i a l s  of  cons t ruc t ion  wi th  potassium. 
Haynes a l l o y s ,  Has t e l loys ,  S t e l l i t e s ,  U t i m e t s ,  Fe-Cr-A1 a l l o y s ,  Incone l ,  
molybdenum, and v a r i o u s  niobium a l l o y s  coq ta in ing  one o r  more of t h e  a l l o y i n g  
c o n s t i t u e n t s  molybdenum, t i t a n i u m ,  tungsten.  and zirconium were s e l e c t e d  a s  
p o s s i b l e  cand ida te s .  
potassium e x i s t e d  f o r  on ly  s t a i n l e s s  s t e e l  and t h e  n i o b i u m 1  p e r  c e n t  z i rconium 
(Nb-1Zr) a l l o y .  However, t h i s  information was based on exposure a t  1600 F 
and below f o r  t h e  Nb-1Zr a l l o y  and below about  1800 F f o r  s t a i n l e s s  s t ee l .  
Some s t a i n l e s s  steels,  e.g., Types 316, 347, 304, had proven u n s a t i s f a c t o r y  

S t a i n l e s s  s t e e l ,  

Of t h e s e ,  in format ion  cn  behavior  when i n  c o n t a c t  wi th  

P resen ted  by Alexis  W. Lemmon, Jr. * 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  
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above 1600 F bu t  q u i t e  s u i t a b l e  below t h i s  tempera ture .  The Nb-1Zr a l l o y  was 
e v i d e n t l y  s a t i s f a c t o r y  we l l  above t h e  h i g h e s t  t empera ture  i n v e s t i g a t e d ,  
1600 F.  

When used wi th  o t h e r  a l k a l i  me ta l s ,  t h i s  a l l o y  performs s a t i s f a c t o r i l y  
i f  t h e  oxygen con ten t  of t h e  a l k a l i  metal  and of  t h e  p r o t e c t i v e  atmosphere i s  
s u f f i c i e n t l y  low. 

A t  p r e s e n t ,  a l l  equipment f o r  use  above 1600 F i n  c o n t a c t  w i th  
vapor  o r  l i q u i d  potassium i s  being f a b r i c a t e d  from t h e  Nb-1Zr a l l o y .  
equipment f o r  use  a t  low tempera tures  h a s  been f a b r i c a t e d  from Type 304 
s t a i n l e s s  s t e e l .  The need f o r  p r o t e c t i n g  t h e  Nb-1Zr a l l o y  from oxygen o r  
o t h e r  ox id iz ing  m a t e r i a l s ,  even i n  extremely low c o n c e n t r a t i o n s ,  i t s  h igh  c o s t  
(about  $60 t o  $120 per  pound),  and i t s  a v a i l a b i l i t y  i n  an extremely l i m i t e d  
number of shapes and s i z e s  a r e  problems which a r e  being faced  i n  des ign ing  
and bu i ld ing  t h e  exper imenta l  equipment. 

Some 

Ext rapola t ion  of a v a i l a b l e  d a t a  on t n e  Nb-1Zr a l l o y  i n d i c a t e s  t h a t  
t h e  100-hour stress r u p t u r e  va lue  f o r  2100 F i s  about  13,500 p s i .  

The success fu l  b o i l i n g  p o i n t  experiments  were made i n  a q u a r t z  
system with t h e  molten potassium conta ined  i n  Type 347 s t a i n l e s s  s t e e l .  
Exposure temperatures  ranged t o  about 790 C ,  and performance was s a t i s f a c t o r y .  
However, t h i s  i s  not  be l i eved  t o  be a good e v a l u a t i o n  of q u a r t z  a s  a m a t e r i a l  
of c o n s t r u c t i o n  because t h e r e  was no evidence t h a t  molten o r  gaseous potassium 
came i n  con tac t  with t h e  q u a r t z .  The equipment h a s  n o t  been in spec ted  s i n c e  
t h e  run.  

I t  h a s  been fairly d e f i n i t e l y  e s t a b l i s h e d  t h a t  a m u l l i t e  
( 3 A 1  0 2Si02) tube  w i l l  no t  r e s i s t  t h e  a c t i o n  of potassium vapor  (and 
poss?b?y molten potassium a s  wel l )  a t  t empera tures  of about  550 C. Th i s  
expe r i ence  was e s t a b l i s h e d  i n  a s e r i e s  of unsuccess fu l  t ranspi r&ion  experiments .  
Thus, t h e  dec i s ion  t h a t  s t a i n l e s s  s t e e l s ,  e .g . ,  Types 316, 347, and 304, would 
be  used f o r  a p p l i c a t i o n s  below 1600 F and Nb-1Zr a l l o y  f o r  a p p l i c a t i o n s  t o  
2100 F s t i l l  a p w a r s  sound. 
tempera tures ,  b u t  t h i s  h a s  no t  y e t  been v a l i d a t e d .  

I n  a d d i t i o n ,  q u a r t z  may be  u s e f u l  a t  low 

Some a d d i t i o n a l  v e r i f i c a t i o n  of t h e  s u i t a b i l i t y  of t h e  Nb-1Zr a l l o y  
f o r  u s e  with potassium i s  expected s h o r t l y  upon complet ion of t h e  s p e c i f i c  
h e a t  capsule  tes ts .  

Potassium 

An important  cons ide ra t ion  i n  t h i s  exper imenta l  program i s  provid ing  
pure  potassium or  potassium of known p u r i t y  f o r  u s e  i n  making t h e  exper i -  
mental  measurements. Not on ly  must s u i t a b l e  potassium be ob ta ined ,  b u t  a l s o  
it must be t r a n s f e r r e d  i n t o  t h e  v a r i o u s  items of exper imenta l  equipment 
wi thou t  contaminat ion and maintained i n  a pure  s t a t e  throughout  t h e  course  of 
each  se r ies  of measurements. 
oxygen. 

The most c r i t i c a l  impur i ty  i s  cons idered  t o  be 

P u r i f i e d  potassium i s  a v a i l a b l e  from MSA Research Corpora t ion ,  
C a l l e r y ,  Pennsylvania.  Two 1-gram samples were ob ta ined  d i r e c t l y  from MSA, 
i n d i v i d u a l l y  packaged i n  g l a s s  ampoules, f o r  a n a l y s i s .  These potassium samples 

B A T T E L L E  M E M O R I A L  I N S T I T U T E  
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were ana lyzed  f o r  oxygen by t h e  mercury amalgamation method. 
con ten t  of  t h e  s3mples was found t o  be ( 5  ?5 ppm, be l i eved  t o  be q u i t e  
adequate  f o r  a l l  p a r t s  of t h e  experimental  program. 

The oxygen I 
[ 

5 o r  t h e  t e s t s  performed t h u s  f a r ,  t h e  p u r i f i e d  potassium obta ined  . from MSP i n  g l a s s  ampoules has  been used. However, t r a n s f e r s  t o  experimental  
e q u i p m n t  i n  a hel ium d r y  box have been d i f f i c u l t ,  and t h e r e  i s  no way t o  
a s c e r t a i n  t h e  oxygen con ten t  of t h e  potassium a f t e r  it h a s  been loaded. 

m For t h e s e  r easons ,  it h a s  been decided t o  adopt  an e n t i r e l y  + 
w 

d i f f e r e n t  technique .  
ampoules a t  B a t t e l l e .  
and,  t o  prevent  any contaminat ion ,  t h e  potassium w i l l  be  t r a n s f e r r e d  t o  t h e  
exper imenta l  equipment by us ing  a completely c l o s e d ,  vacuum-tight system. 
The b a s i c  des igns  being used f o r  a d i s t i l l a t i o n  column and a loading dev ice  
a t  NASA-Lewis Research Center  a r e  being cons idered ,  a l though some ch'anges 
have been made and o t h e r  sugges t ions  f o r  improvement a r e  being eva lua ted .  

Potassium w i l l  be p u r i f i e d  and d i s t i l l e d  i n t o  g l a s s  
Each l o t  w i l l  be analyzed be fo re  use  i n  any experiment  ? 

MEASUREMENT OF VAPOR PRESSURE* 

This  phase of t h e  program i s  concerned wi th  e s t a b l i s h i n g  t h e  
p re s su re  v a r i a t i o n  of potassium vapor  with tempera ture ,  a s  well  a s  de te rmining  
t h e  degree  of a s s o c i a t i o n  of potassium atoms i n  t h e  vapor  phase. 
t o  d a t e  i n  t h i s  program h a s  inc luded  an a p p r a i s a l  of t h e  l i t e r a t u r e  on 

exper iments  from which some p re l imina ry  d a t a  were obta ined .  

P rogres s  

I potassium vapor  p r e s s u r e s  and t h e  performance of exp lo ra to ry  b o i l i n g  p o i n t  
c 

I 

T r a n s p i r a t i o n  Experiments I' 
The t r a n s p i r a t i o n  appa ra tus  which h a s  been used t o  determine vapor  

d e n s i t i e s  i s  shown i n  F igure  1. 
slowly ove r  t h e  s u r f a c e  of t h e  m a t e r i a l  t o  be i n v e s t i g a t e d .  
g a s  becomes s a t u r a t e d  wi th  t h e  vapor ,  and i n  t h i s  s t a t e  e n t e r s  t h e  condenser. 
This  condenser  (which h a s  a small  o r i f i c e  f o r  t h e  en t r ance  of t h e  s a t u r a t e d  
c a r r i e r  g a s  t o  minimize p o s s i b l e  d i f f u s i o n  e f f e c t s )  i s  a t  t h e  tempera ture  of 
t h e  sample a t  t h e  o r i f i c e  and a t  room temperature  a t  t h e  d i scha rge  end. The 
vapor  condenses  o u t  of t h e  i n e r t  g a s  i n  pass ing  through t h i s  condenser .  
The e x i t  t empera ture  i s  chosen low enough t h a t  no vapcjr remains i n  t h e  c a r r i e r  
g a s  when it l e a v e s  t h e  system. 
t o t a l  volume. 

An i n e r t  c a r r i e r  g a s  i s  caused t o  flow 
The i n e r t  c a r r i e r  

The c a r r i e r  g a s  is metered t o  determine t h e  

Upon complet ion of an experiment t h e  condenser  i s  removed and i t s  
I f  t h e  vapor  con ten t  i s  assayed by weighing o r  by an a n a l y t i c a l  t echnique .  

p r e s s u r e s  can be determined by an independent method, a va lue  f q r  t h e  mass 
of t h e  condensed vapor  and t h e  moles (volume) of c a r r i e r  g a s  from a 
p a r t i c u l a r  experiment  w i l l  y i e l d  t h e  molecular weight .  

c 

Applying D a l t o n ' s  law 

. 
*Presented by Alexis W .  Lemmon, Jr. 
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of p a r t i a l  p r e s s u r e s ,  t h e  equat ion  r e l a t i n g  t h e s e  v a r i o u s  f a c t o r s  can be 
expressed  as: 

Mass of Condensed Vapor 

Molecular Weight 

A l l  v a l u e s  a r e  known except  t h e  average molecular  weight of  t h e  vapor ,  which 
can t h e n  be c a l c u l a t e d .  

Three t r a n s p i r a t i o n  runs  were s t a r t e d ,  bu t  each f a i l e d  by c logging  
of  t h e  condenser o r i f i c e  wi th  molten potassium. The experiment was 
d i scon t inued  when a h a i r l i n e  c rack  developed i n  t h e  m u l l i t e  t ube  housing t h e  
appa ra tus .  
potassium. 
p rev ious  i n v e s t i g a t i o n s .  

Clogging i s  be l i eved  t o  have been caused by c r e e p  of t h e  molten 
T h i s  h a s  been observed w i t h  h igh-sur face- tens ion  m a t e r i a l s  i n  

Following t h e  f a i l u r e  of t h e  i n i t i a l  experiments  t h e  t r a n s p i r a t i o n  
appa ra tus  was r e b u i l t ,  u s ing  a s t a i n l e s s  steel  tube  i n  p l ace  of  t h e  m u l l i t e  
t u b e  a s  w e l l  a s  o t h e r  s t a i n l e s s  steel components. 
improvements a r e  a l s o  being planned f o r  t h e  g a s - p u r i f i c a t i o n  and vacuum 
system. 

Modif ica t ions  and 

Bo i l ing  Point  Experiments 

F igure  2 r e p r e s e n t s  t h e  b o i l i n g  p o i n t  appa ra tus  which h a s  been 
I t  i n c o r p o r a t e s  a d i f f e r e n t i a l  assembled f o r  u se  i n  t h i s  i n v e s t i g a t i o n .  

thermocouple a s  a sensing element and can be used f o r  de t e rmina t ions  a t  
e i g h e r  c o n s t a n t  p re s su re  o r  cons t an t  tempera ture .  
appa ra tus  a r e  two i d e n t i c a l  t u b e s  placed symmetr ical ly  w i t h i n  a furnace .  
of t h e s e  c o n t a i n s  potassium and t h e  o t h e r  an i n e r t  r e f e r e n c e  m a t e r i a l ,  
aluminum oxide.  

E s s e n t i a l  d e t a i l s  of t h i s  
One 

For ope ra t ion ,  a temperature  i s  s e l e c t e d  a t  which i t  i s  d e s i r e d  
t o  determine t h e  vapor  p r e s s u r e ,  and t h e  manostat  i s  set t o  c o n t r o l  t h e  
system p r e s s u r e  a t  a p re s su re  cons iderably  h ighe r  t h a n  t h e  vapor  p r e s s u r e  i s  
suspec ted  t o  be. 
t empera ture  t h e  d i f f e r e n t i a l  thermocouple would record  a zero  va lue .  
system p r e s s u r e  i s  then  s lowly reduced. 
remains g r e a t e r  t han  t h e  vapor  pressure ,  v a p o r i z a t i o n  and condensa t ion  r a t e s  
i n  t h e  v i c i n i t y  of t h e  sample would be e s s e n t i a l l y  equal  and no h e a t  e f f e c t  
would be d e t e c t e d .  However, a s  soon a s  t h e  system p r e s s u r e  becomes s l i g h t l y  
less than  t h e  vapor  p r e s s u r e ,  potassium would vapor i ze  from t h e  sample and 
condense a t  a d i s t a n c e .  
response  i n  t h e  d i f f e r e n t i a l  thermocouple. 
i s  t h e n  recorded .  
below vapor  p r e s s u r e  of  0.3 pe r  c e n t  i s  s u f f i c i e n t  t o  g i v e  r ise t o  a 
d e t e c t a b l e  h e a t  e f f e c t .  

Once t h e  system i s  i n  thermal  equ i l ib r ium a t  t h e  d e s i r e d  
The 

As long a s  t h e  system p r e s s u r e  

The consequent h e a t  e f f e c t  would show an immediate 
The p r e s s u r e  a t  which t h i s  occurs  

P a s t  exper ience  i n d i c a t e s  t h a t  a decrease  of system p r e s s u r e  

B A T T E L L E  M E M O R I A L  I N S T I T U T E  
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This  appa ra tus  was ope ra t ed  over a temperature  range from 966 F 
(519 C )  t o  1432 F (789 C).  The d a t a  obtained a r e  summarized i n  Table 1. 
A l e a s t - s q u a r e s  f i t  t o  t h e s e  d a t a  l eads  t o  t h e  equa t ion  

log  P = - - 4330 -t 7.08 T 
where T i s  i n  deg rees  K and P i n  mm Hg. 
p o i n t  would be p r e d i c t e d  a s  1030 K .  
r e p o r t  d by Heycock and Lamplough(l)* 
e t  al.T3) have r epor t ed  1027 K f o r  t h e  normal b o i l i n g  p o i n t  of potassium. 
The above equa i o n  (and t h e  d a t a )  corresponds v e r y  c l o s e l y  t o  t h a t  of  
Makansi e t  a1.13) bu 

of 1068 K a s  t h e  normal b o i l i n g  p o i n t .  

From t h i s  equa t ion  t h e  normal b o i l i n g  
'This compares t o  a v a l u e  of 1033 K 

and by Fiock and Rodebush(2). Makansi 

i f f e r s  widely from t h e  r e s u l t s  r e c e n t l y  publ ished by 
Grachev and K i r i l l o v  I47 . These l a t t e r  r e s u l t s  would l e a d  t o  t h e  p r e d i c t i o n  

Est imates  of accuracy i n d i c a t e  t h a t  t h e  p re l imina ry  experiments  
r e p o r t e d  i n  Table  1 may be i n  e r r o r  by a s  much a s  about 2 6 C b u t  t h a t  
f u t u r e  r e s u l t s  may be i n  e r r o r  by less t h a n  2 1 C. 
t h e s e  p re l imina ry  r e s u l t s  be used with c a u t i o n  u n t i l  f u r t h e r ,  more a c c u r a t e ,  
experiments  a r e  made f o r  v e r i f i c a t i o n .  

Thus, it i s  suggested t h a t  

TABLE 1. PRELIMINARY VAPOR PRESSURE 
DATA FOR POTASSIUM 

Temperature 
C K 

Pres sure, 
mm Hg 

l -  

519 
543 
575 
599 
63 1 
692 
732 
750 
763 
789 

792 
816 
848 
872 
904 
965 
1005 
1023 
1036 
1062 

41 
60 
95 
132 
200 
400 
598 
71 1 
800 
1005 

* See "REFERENCES" s e c t i o n .  
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MEASUREMENT OF LIQUID SPECIFIC HEAT* 

The s p e c i f i c  h e a t  of l i q u i d  potassium i s  t o  be  measured up t o  2100 F.  
I n  t h e  measurement of s p e c i f i c  h e a t ,  t h e  specimen, encapsula ted  i n  a hel ium 
atmosphere, i s  dropped a t  a number of tempera tures  over  t h e  tempera ture  range 
t o  be covered. 
s p e c i f i e d  tempera ture  and 32 F )  v e r s u s  tempera ture  curve  i s  p l o t t e d , . a n d  s l o p e s  
of t h i s  curve measured a t  i n t e r p o l a t e d  tempera tures  g i v e  s p e c i f i c  h e a t s  a t  

measurements. 

An en tha lpy  ( t o t a l  h e a t  c o n t e n t  p e r  pound between t h e  

t h e s e  tempera tures .  An ice  ca lo r ime te r  i s  t o  be used f o r  t h e  en tha lpy  F 
% 
P 
01 

The i c e  c a l o r i m e t e r  h a s  been desc r ibed  by Ginnings and C o r r ~ c c i n i ( ~ )  
and Deem and Lucks(6) .  
i c e  t h a t  i s  i n  equ i l ib r ium wi th  water  i n  a c losed  system. The r e s u l t i n g  
volume change i s  determined by means of mercury which makes up t h e  volume 
change. The r a t i o  of h e a t  i npu t  t o  t h e  mass of mercury making up t h e  volume 
change i s  a cons t an t  which i s  used a s  a c a l i b r a t i o n  f a c t o r  t o  o b t a i n  h e a t  
i n p u t s  t o  t h e  ca lo r ime te r .  There i s  no tempera ture  change i n  t h e  c a l o r i m e t e r  
s i n c e  a l l  h e a t  t r a n s f e r  occurs  a t  t h e  i c e  p o i n t .  

I n  t h e  i c e  c a l o r i m e t e r ,  h e a t  from t h e  specimen melts 

A s t a i n l e s s  s t ee l  i c e  c a l o r i m e t e r  w i l l  be used f o r  t h e  en tha lpy  
measurements. The assembly i s  shown schemat i ca l ly  i n  F igure  3. Not shown 
i s  a l a rge  Pyrex j a r  i n  which t h e  calorimeter assembly i s  immersed i n  a 
mixture  of i c e  and water .  

The c a l o r i m e t e r  c o n s i s t s  of a double-walled v e s s e l  wi th  d ry  C02 
g a s  between t h e  w a l l s .  The o u t e r  v e s s e l ,  A ,  c o n t a i n s  a mercury r e s e r v o i r ,  
B ,  which ho lds  more mercury than  i s  d i s p l a c e d  dur ing  t h e  f r e e z i n g  o r  mel t ing  
of an i c e  mantle .  
supply of mercury a t  t h e  i c e  p o i n t  t o  prevent  i n t roduc ing  h e a t  wi th  r e f e r e n c e  
t o  t h e  i c e  p o i n t  tempera ture  e x i s t i n g  i n  t h e  c a l o r i m e t e r .  
in t roduced  i n t o  t h e  r e s e r v o i r  from t h e  e x t e r n a l  mercury account ing system 
through 1/8-inch-diameter s t a i n l e s s  s t e e l  t u b e ,  C ,  pass ing  down through t h e  
e x t e r n a l  i c e  and water ba th .  S i m i l a r  tub ing  ex tends  from t h e  mercury 
r e s e r v o i r  t o  t h e  c a l o r i m e t e r  chamber. 

The purpose of t h i s  r e s e r v o i r  i s  t o  have an adequate  

Mercury i s  

The i n n e r  v e s s e l ,  D, i s  t h e  c a l o r i m e t e r  chamber. I t  i s  f i l l e d  wi th  
The outgassed  

f i l l i n g  by wa te r  i s  done through a s t a i n l e s s  s tee l  t u b e ,  E ,  f i t t e d  wi th  a 
s p e c i a l  b lun t - t ape r  s t a i n l e s s  s t ee l  needle  va lve .  The v e s s e l  i s  evacuated 
and outgassed water  in t roduced .  A low-wattage r e s i s t a n c e  h e a t e r  i s  wound 
around the  i n n e r  v e s s e l  and i s  used t o  melt t h e  o u t e r  p a r t  of t h e  i ce  mantle  
should it touch t h e  metal  wa l l .  

t h e  t o p s  of t h e  o u t e r  and i n n e r  v e s s e l s .  The tube  i s  machined t o  have a 
1/32-inch-thick w a l l  everywhere except  f o r  two f l a n g e s  t o  which a r e  welded 
t h e  t o p s  of t h e  two v e s s e l s .  

d i s t i l l e d  water  wi th  about 3/4 inch  of mercury i n  t h e  bottom. 

A s t a i n l e s s  s t ee l  specimen-dropping t u b e ,  F,  ex tends  down through 

Y 
Presented  by Herber t  W .  Deem 
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Legend 

A- Outer vessel 
E- Mercury reservoir 
C- Mercury tube 
0- Inner vessel 
E- Filling tube 
F- Dropping tube 
G- Copper tube and fins 
ti- Dry gas tube 
I- Gate 
J- Ice mantle 
K- Outgassed distilled water 
L- Specimen capsule 
M- Radiation shield 
N- Dropping wire 

1,111,1,1,1,11111 4 
0 I 2 3 

Scale, inches 

FIGURE 3. ST.IINLESS STEEL ICE CALORIMETER 
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Copper, because of i t s  h igh  thermal  d i f f u s i v i t y ,  i s  used f o r  t h e  f i n s  
and tube around which t h e  i c e  mantle  i s  f rozen .  The f i n s  and tube ,  G ,  shown 
i n  Figure 3 a r e  machined from one p i ece  of copper b a r  and a r e  t i n n e d  t o  
prevent  a t t a c k  by water .  
ex tend  t o  t h e  f u l l  h e i g h t  of t h e  c a l o r i m e t e r  chamber. T h i s  i s  t o  reduce t h e  
chance of t h e  i c e  mantle f r eez ing  a g a i n s t  t h e  ends of  t h e  chamber. 

I t  i s  noted  t h a t  t h e  copper  f i n  assembly does  n o t  

Provis ion  i s  made by t u b e ,  H ,  t o  i n t roduce  argon i n t o  t h e  bottom of 
t h e  dropping tube .  Th i s  gas ,  c a r e f u l l y  d r i e d  and in t roduced  a t  a low r a t e ,  
reduces t h e  e n t r y  of mois ture  i n t o  t h e  c a l o r i m e t e r  and a l s o  p r o t e c t s  t h e  
capsu le  and dropping wire from ox ida t ion .  

9 

b 
P cn 

A g a t e ,  I ,  i s  placed i n  t h e  dropping tube  t o  reduce h e a t  t r a n s f e r  by 
r a d i a t i o n  down t h e  drop  tube  from t h e  fu rnace .  
momentarily a t  a d rop  and then  c losed .  A notch i n  t h e  g a t e  a l lows  i t  t o  
c l o s e  with t h e  dropping wire  i n  p l ace .  Radia t ion  l o s s e s  from t h e  capsu le  
i n  t h e  ca lo r ime te r  i n  t h e  d i r e c t i o n  of t h e  g a t e  a r e  reduced by t h e  use  of  
a t h i n  platinum r a d i a t i o n  s h i e l d ,  M ,  a t t a c h e d  t o  t h e  suppor t ing  wire j u s t  
above the  capsule .  

This  g a t e  i s  opened 

A g a s - p u r i f i c a t i o n  system f o r  t h e  argon h a s  been assembled t o  p r o t e c t  
t h e  specimen capsu le  L from ox ida t ion  a t  h igh  tempera tures .  The p u r i f i c a t i o n  
t r a i n  inc ludes  a chemical dry ing  agen t ,  a co ld  t r a p ,  copper t u r n i n g s  a t  
1475 F, and uranium t u r n i n g s  a t  1475 F. A g a s t i g h t  drop  tube  f o r  t h e  fu rnace  
h a s  been assembled. Other  r e l a t e d  equipment inc lud ing  cons t an t -vo l t age  
power supply,  a n a l y t i c a l  ba lance ,  weights  and poten t iometer  have been 
checked. 

The vapor  p re s su re  of  potassium a t  2100 F should be about  300 p s i .  
I t  h a s  been c a l c u l a t e d  t h a t  a capsule  (of welded des ign )  made of Nb-1Zr and 
having a 1/64-inch w a l l  t h i c k n e s s  w i l l  c o n t a i n  approximately 840 p s i .  Th i s  
wal l  t h i ckness  should ,  t h e r e f o r e ,  be s u f f i c i e n t  f o r  measurement t o  2100 F.  

The appa ra tus ,  except  f o r  specimen capsu le ,  i s  ready f o r  s p e c i f i c  
h e a t  measurements of  l i q u i d  potassium. Fabr i ca t ion  of t h e  specimen capsu le  
w i l l  fo l low some p re l imina ry  experiments  t o  de te rmine  t h e  c o m p a t i b i l i t y  of 
l i q u i d  potassium and Nb-1Zr under  t h e  c o n d i t i o n s  of t h e  s p e c i f i c  h e a t  
measurements. 
of time and equipment. 
s a t i s f a c t o r y  r e s u l t s  a r e  obta ined  on t h e  p re l imina ry  c o m p a t i b i l i t y  experiments .  

I t  i s  f e l t  t h a t  t h i s  s t e p  i s  necessary  t o  avoid p o s s i b l e  l o s s  
S p e c i f i c  h e a t  measurements w i l l  be s t a r t e d  a f t e r  

MEASUREMENT OF LIQUID THERMAL CONDUCTIVITY* 

The thermal  conduc t iv i ty  of l i q u i d  potassium i s  t o  be measured t o  
2100 F. Two methods, bo th  involv ing  s t e a d y - s t a t e  comparat ive t echn iques ,  
have been cons idered .  

One method invo lves  measurements w i th  s e v e r a l  specimen t h i c k n e s s e s  

The method h a s  been desc r ibed  by Sak iad i s  and Coa te s (7 )  and 

- 
a t  a given mean specimen tempera ture  and w i l l  be r e f e r r e d  t o  a s  t h e  v a r i a b l e -  
gap method. * 

* Presented by Herber t  W. Deem 
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Lucks and Deem(8). 
appa ra tus .  The method, i n  p r i n c i p l e ,  i s  t o  measure t h e  t o t a l  thermal  
r e s i s t a n c e  of a specimen a t  a given mean temperature  wi th  s e v e r a l  d i f f e r e n t  
t h i c k n e s s e s  of specimen, which v a r i e s  with specimen t h i c k n e s s  and t h e  f i x e d  
the rma l  r e s i s t a n c e s  such a s  t h a t  a t  the specimen-container i n t e r f a c e s .  The 
the rma l  c o n d u c t i v i t y  of  t h e  specimen i s  p r o p o r t i o n a l  t o  t h e  r e c i p r o c a l  of t h e  
change i n  t o t a l  thermal  r e s i s t a n c e  and i s  independent of t h e  f i x e d  thermal 
resis t a n c e s .  

Figure 4 i s  a schematic ske tch  of a va r i ab le -gap  

The second method considered i s  a s t e a d y - s t a t e  l ong i tud ina l -hea t -  
f low method and y i e l d s  thermal conduc t iv i ty  v a l u e s  a t  s e v e r a l  mean temperatures  
f o r  each thermal equ i l ib r ium.  
d e s c r i b e d  by Lucks and Deem(9). 
l ong i tud ina l -hea t - f low appa ra tus  f o r  l i q u i d s .  I n  b r i e f ,  t h e  method c o n s i s t s  
of  h e a t i n g  one end of a specimen, measuring t h e  temperature  g r a d i e n t  along 
t h e  specimen, and determining t h e  r a t e  of h e a t  f low through t h e  specimen by 
means of  a metal  s t anda rd  of known thermal c o n d u c t i v i t y  a t t a c h e d  t o  t h e  c o l d  
end of t h e  specimen. Radial  h e a t  flow i n t o ,  o r  away from, t h e  specimen i s  
minimized by thermal  guarding. 

A method of t h i s  g e n e r a l  t y p e  h a s  been 
Figure 5 i s  a schematic ske tch  of a 

Of t h e s e  two methods considered f o r  measuring t h e  thermal  c o n d u c t i v i t y  
of l i q u i d  potassium, t h e  va r i ab le -gap  method h a s  s e v e r a l  d i sadvan tages  which 
make i t  t h e  less d e s i r a b l e  method a t  t h i s  time. These are:  

(1) I t  i s  time-consuming as i t  r e q u i r e s  a number of e q u i l i b r i a  
t o  o b t a i n  a thermal c o n d u c t i v i t y  v a l u e  a t  one mean 
temperature  ; 

( 2 )  I t  w i l l  amplify any ma te r i a l - compa t ib i l i t y  problem 
r e s u l t i n g  from time-temperature e f f e c t s .  

For t h e s e  r easons  g r e a t e r  emphasis w i l l  be placed on d e t a i l i n g  an appa ra tus  
of  t h e  long i tud ina l -hea t - f low type  f o r  t h e  the rma l -conduc t iv i ty  measurements 
on l i q u i d  potassium. 

MEASUREMENT OF VAPOR VISCOSITY* 

Data on t h e  t r a n s p o r t  p r o p e r t i e s  of  potassium a r e  r e q u i r e d  f o r  t h e  
d e s i g n  of  a high-temperature  n u c l e a r  e l e c t r i c - g e n e r a t i n g  system us ing  potas- 
sium a s  a working f l u i d .  No measurements of  t h e  v i s c o s i t y  of potassium vapor  
have been found i n  t h e  l i t e r a t u r e .  Therefore ,  it i s  t h e  purpose of t h i s  p a r t  
of the  program t o  determine t h e  v i s c o s i t y  of potassium vapor  a s  a f u n c t i o n  of 
t empera tu re  from 900 t o  2100 F.  

The l i t e r a t u r e  h a s  been surveyed f o r  v i s c o s i t y  measurement 
t e c h n i q u e s  which might be app l i ed  t o  potassium vapor.  I t  appea r s  t h a t  t h e  
c a p i l l a r y - f l o w  p r i n c i p l e  would be most e a s i l y  u t i l i z e d  f o r  t h e  des ign  of a 
v i scomete r  s u i t a b l e  f o r  t h i s  system. I n  t h i s  method, t h e  volume, V ,  of f l u i d  
f lowing through a c a p i l l a r y  tube  of r a d i u s  a ,  i n  u n i t  time under  p r e s s u r e  

* Presen ted  by El ton H.  H a l l  

B A T T E L L E  M E M O R I A L  I N S T I T U T E  
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FUJURE 4. SCHEMATIC SKETCH OF VARIABIL-QAP 
THERWLCONDUCTI~fl A PPAMTUS 

1. Speoimen filii@ tubes 7. Heat flow meter 

2.  Specimen 8. Thermocouples 

3. Speoinen ward hoater 

b. Pressuro container 

5. Sink 

6. Heat flow meter wards 

3. Variable-Rap and 
heater assembly 

10. Connections t o  power supply, 
thomcouploe , gapmeasuring 
device, and high pressure 
manifold. 
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7. Ueraetia s d s  f a  heater 
lsads a d  themaf lea  

8. Heaters 

9. TImmocmplea 
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g r a d i e n t  - - dP i s  observed. The fundamental  P o i s e u i l l e  e q u a t i o n ,  dL 
dP 4 _ -  na 

*P dL ’ v = -  

i s  used t o  c a l c u l a t e  t h e  v i s c o s i t y ,  p, from t h e  measured q u a n t i t i e s .  

The a c t u a l  des ign  of a v i scometer  based on t h i s  p r i n c i p l e  h a s  
been de fe r r ed  u n t i l  t h e  appara tus  f o r  measurement of  l i q u i d  v i s c o s i t y  appa ra tus  
h a s  been designed.  

M 

MEASUREMENT OF LIQUID VISCOSITY’ 

A review of t h e  l i t e r a t u r e  was made i n  o r d e r  t o  e v a l u a t e  t h e  
s e v e r a l  t echniques  f o r  measuring l i q u i d  v i s c o s i t y .  The o s c i l l a t i n g - c y l i n d e r  
method was s e l e c t e d  a s  t h e  one most r e a d i l y  adap tab le  t o  potassium l i q u i d .  
A c losed  hollow c y l i n d e r  con ta in ing  t h e  l i q u i d  i s  suspended from a t o r s i o n  
wire  and i s  permi t ted  t o  o s c i l l a t e  about t h e  a x i s  of t h e  suspension.  
Observat ion of  t h e  damping of t h e  o s c i l l a t i o n  caused by t h e  l i q u i d  pe rmi t s  
c a l c u l a t i o n  of t h e  v i s c o s i t y .  

The f e a t u r e s  recommending t h i s  technique  a re :  

(1) The h igh ly  r e a c t i v e  potassium i s  s e a l e d  i n s i d e  a smal l  
c y l i n d e r ,  t h u s  p r o t e c t i n g  i t  from t h e  e x t e r n a l  
atmosphere throughout  t h e  e n t i r e  s e r i e s  of  measurements, 

The potassium i s  i n  c o n t a c t  wi th  a l i m i t e d  a r e a  of 
c o n t a i n e r  m a t e r i a l ,  

( 2 )  

( 3 )  The method can be made t o  y i e l d  abso lu te  v a l u e s  of 
v i s c o s i t y  by mathematical  t r ea tmen t  of t h e  d a t a  o r ,  
more s imply ,  t h e  viscometer  may be c a l i b r a t e d  by t h e  
use  of l i q u i d s  of known v i s c o s i t y .  

The p r i n c i p l e  components of an o s c i l l a t i n g - c y l i n d e r  v i scometer  a r e  
i l l u s t r a t e d  i n  Figure 6 .  The diagram does n o t  show d e t a i l s  of c o n s t r u c t i o n ,  
a s  a few a r e  not  y e t  f i n a l i z e d .  

The c y l i n d r i c a l  c r u c i b l e  con ta in ing  t h e  potassium i s  suspended 
w i t h i n  an e l e c t r i c  furnace .  The suspension c o n s i s t s  of a t o r s i o n  wire, an 
angu la r  d e f l e c t i o n  i n d i c a t o r  (no t  shown), and a s t i f f  suspension rod.  The 
i n e r t i a  ba r  i s  used t o  a d j u s t  t h e  pe r iod  of o s c i l l a t i o n  t o  a convenient  
v a l u e .  
b a r  and observing t h e  pe r iod  of o s c i l l a t i o n ,  t h e  moment of i n e r t i a  of t h e  
e n t i r e  system may be c a l c u l a t e d .  

I n  a d d i t i o n ,  by adding weights  of known moment of i n e r t i a  t o  t h e  

The furnace  w i l l  be wound non induc t ive ly  t o  reduce t h e  magnetic 
f i e l d  produced by t h e  h e a t e r  c u r r e n t ,  t h u s  minimizing t h e  magnetic damping 

* 
Presented  by El ton  H .  Ha l l  
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FICURE 6 . D I A W  OF VISCQSITY MEASURING APPARATU2 

1. Suspension wire 

2. Inertiabar 

3. Remvable tq. cooler 

4. Removable refractory plug 

5. Suspension rod 

6 .  Crucible 

7. Electric heater 

8. Liner 

9. Refractory packing 

10. Refractory base 
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of t h e  o s c i l l a t i n g  c y l i n d e r .  
be fo re  measurements a r e  begun. 
s e r v e s  t o  prevent  t h e  t o r s i o n  wire from h e a t i n g .  

The e x t e n t  of magnetic damping w i l l  be determined 
The c o o l e r  p l a t e  on t h e  t o p  of t h e  furnace  

8 

The angular  d e f l e c t i o n  d e t e c t o r  w i l l  employ a commercial ins t rument  
c a l l e d  a Met.risite manufactured by Brush Ins t ruments ,  Cleve land ,  Ohio. The 
Metrisite i s  an e lec t romechanica l  pos i t i on - sens ing  dev ice  having a ve ry  low 
r e a c t i o n  f o r c e .  
t h e  p o s i t i o n  of t h e  sens ing  element .  

An e l e c t r i c a l  ou tpu t  i s  produced which i s  p r o p o r t i o n a l  t o  

A photograph of t h e  p re l imina ry  assembly of t h e  suspension system i s  

The torque-head assembly pe rmi t s  t h e  upper  end of t h e  

Y 
G 
% 

shown i n  Figure 7. The vacuum chamber and q u a r t z  envelope enc los ing  t h e  
c e l l  have been removed. 
t o r s i o n  wire  t o  be r o t a t e d  through a smal l  ang le  i n  o r d e r  t o  induce o s c i l l a t i o n s  
whizh a re  e s s e n t i a l l y  f r e e  of t r a n s v e r s e  v i b r a t i o n s .  The so leno id  shown can  
be used t o  r o t a t e  t h e  torque  head when t h e  system i s  evacuated .  The double  
p i n  v i s e  connec ts  t h e  t o r s i o n  wire t o  t h e  r i g i d  c e l l - s u p p o r t  mpmbers. 
lamp s c a l e  and mi r ro r  (no t  shown) w i l l  a l s o  be inco rpora t ed  f o r  u se  i f  t h e  
M e t r i s i t e  s e n s i t i v i t y  i s  no t  adequate .  The locking  chuck i s  used t o  ho ld  
t h e  suppor t  rod r i g i d l y  during assembly. 

A 

The c y l i n d e r  shown i n  t h e  photograph i s  made of copper  and i s  t o  be 
used during a check run wi th  water as  t h e  l i q u i d  t o  v e r i f y  t h e  s u i t a b i l i t y  
of t h e  dimension of t h e  c y l i n d e r .  A s i m i l a r  c e l l  w i l l  t hen  be machined from 
Nb-1Zr a l l o y  t o  con ta in  t h e  potassium 

PRESSURE-VOLUME-TEMPERATURE MEASUREMENTS* 

As p a r t  of t h e  program on eng inee r ing  p r o p e r t i e s  of  potassium, 
pressure-volume-temperature d a t a  a r e  t o  be ob ta ined  and thermodynamic 
p r o p e r t i e s  c a l c u l a t e d  from t h e s e  d a t a .  
March with a s tudy  of v a r i o u s  systems and t echn iques  f o r  t h e s e  measurements. 

Work on t h i s  problem began l a t e  i n  

Two methods have been explored by which t h e  d e s i r e d  d a t a  can be 
ob ta ined ;  t h e s e  a r e  w3 ns tan t -p res su re  and co  stant-volume systems.  The 
c o n s t a n t  pressure  system of Kay and Rambosek?lO) c o n s i s t s  of a g l a s s  c a p i l l a r y  
tube  i n  which t h e  m a t e r i a l  t o  be i n v e s t i g a t e d  i s  conf ined  by means of a 
mercury s e a l .  
determined by use  of a dead-weight gage.  
can be maintained and t h e  volume a s  a f u n c t i o n  of tempera ture  recorded.  

Volume i s  measured by means of a ca the tomete r ,  and p r e s s u r e  
I n  t h i s  system a c o n s t a n t  p r e s s u r e  

In  t h e  constant-volume system, p r e s s u r e  as  a func t ion  of tempera ture  
i s  recorded.  
volume systems have been developed. Most systems invo lve  t h e  ba lanc ing  of 
p r e s s u r e s  on a diaphragm. 
determined by capac i t ance  as  i s  desc r ibed  by Wiederhorn e t  a l .  (111, o r  by 
e l e c t r i c a l  c o n t a c t  a s  desc r ibed  by White aad  H i l s e n r a t h  (12). 

A number of methods of measuring t h e  p r e s s u r e  i n  cons tan t -  

The n u l l  p o s i t i o n  of t h e  diaphragm can  be 

Presented  by William H .  Mink * 
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1. Torque head 
2. Torsion wire 
3. Double pin vise 
4. Metrisite 
5. Locking chuck 
6. Inertia bar and weights 
7. Lower pin vise 

8. Support tube 
9. Copper sample cylinder 

10. Vacuum-can base plate 
11. Liquid nitrogen-cooled trap 
12. Oil diffusion pump 
13. Solenoid 

FIGURE 7 .  OSCILLATING -CYLINDER VISCOMETER 
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For t h e  p r e s e n t  measurements t h e  constant-volume system h a s  been 
s e l e c t e d  because of t h e  d i f f i c u l t y  of ob ta in ing  t h e  s e a l i n g  l i q u i d  r equ i r ed  
f o r  t h e  cons t an t  p r e s s u r e  system. 
connected t o  a potassium f i l l i n g  and pressure-measuring system through a 
c a p i l l a r y .  
l o c a t i o n  o f  t h e  potassium l iqu id-vapor  i n t e r f a c e  SO t h a t  a c c u r a t e  volumes can 
be determined. P res su re  measurements w i l l  be made us ing  a s e n s i t i v e  p r e s s u r e  
gage separa ted  from t h e  l i q u i d  potassium system by means of a diaphragm. 

A bomb enc losed  i n  a fu rnace  w i l l  be 

A h igh  temperature  g r a d i e n t  a long t h e  c a p i l l a r y  w i l l  permit  

B A T T E L L E  M E M O R I A L  I N S T I T U T E  
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SUMMARY OF NRL SODIUM PROGRAM 

JACK P o  STONE 

Presen ted  a t  NASA Conference on P r o p e r t i e s  of  A l k a l i  Metals 

Ba t t e l l e  Memorial I n s t i t u t e  

24 A p r i l  1 9 6 1  

The program a t  NRL is des igned  t o  measure p h y s i c a l  
and the rma l  p r o p e r t i e s  of sodium t o  2500°F, The program 
is div ided  i n t o  two phases, The first phase i n c l u d e s  
d e t e r m i n a t i o n s  o f :  (1) spec i f ic  heat o f  t he  l i q u i d ,  
(2)  d e n s i t y  of t h e  l i q u i d ,  (3) vapor  pressure,  (4) PVT 
data, and (5) e q u i l i b r i u m  s o l u b i l i t y  of Cb and Z r  i n  t h e  
l i q u i d ,  I n  t h e  second phase, measurements w i l l  be made 
of :  (1) t h e r m a l  c o n d u c t i v i t y  of t h e  l i q u i d ,  (2) v i s c o s i t y  
o f  t h e  l i q u i d ,  (3) v i s c o s i t y  of  t h e  vapor ,  and (4) t r a n s -  
p o r t  s o l u b i l i t y  of  Cb and Z r  i n  b o i l i n g  and condens ing  
sodium, The assembly and t e s t i n g  of a p p a r a t u s  f o r  t h e  
f i r s t -phase  measurements are i n  p r o g r e s s ,  The d e s i g n  and 
methods t o  be used i n  t h e  second-phase measurements a re  t o  
be f i rmed by August  1961, 

The first phase which i n c l u d e s  t h e  measurements 
n e c e s s a r y  f o r  c o n s t r u c t i o n  of tempera ture-en t ropy  and 
en tha lpy -en t ropy  diagrams is  t h e  subject of  t h i s  pres- 
e n t a t i o n ,  

An a l l o y ,  Cb-l%Zr, was selected as t h e  c o n t a i n e r  
material f o r  sodium i n  these  measurements. To p r o t e c t  
t h e  a l l o y ,  welding grade a rgon  which has  been passed 
th rough  a heated column o f  t i t a n i u m  sponge and  a column 
o f  molecular  s ieve is  used, A l so  t h e  a p p a r a t u s e s  w i l l  
be surrounded w i t h  Z r  f o i l  and Cb ch ips  f o r  f a r the r  pro- 
t e c t i o n ,  Trace amounts of oxygen and m o i s t u r e  i n  the  
p u r i f i e d  gas stream w i l l  be monitered.  

A s t u d y  has been i n  p r o g r e s s  f o r  t h e  pu rpose  of 
s e l e c t i n g  a thermocouple  combina t ion  s u i t a b l e  f o r  use 
i n  t h e  program. The combina t ions  i n v e s t i g a t e d  t h u s  far 
are: (Pt-pt 105Rh) (Pt-Pt 13%Rh) (P t ,  l%Rh-Pt 13gRh) (Pt-Rh) 
(Rh- P t  ,204bRh) ( Ir- Ir ,50%Rhj ( P t  ,6%Rh- P t  , BO$Rh!. 
g e n e r a l  these combina t ions  are r e a s o n a b l y  s t a b l e  i n  air  
a t  1 4 0 O o C  f o r  250 hours ,  and s h i f t s  i n  eom,f, amount t o  
l e s s  t h a n  l 0 C  f o r  c o n s t a n t  immersion l e n g t h s ,  I n  a rgon ,  
however, s h i f t s  of some of these  c o u p l e s  amount t o  as 
much as 5OoC f o r  t h e  same c o n d i t i o n s  o f  temperature, time, 

I n  
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a n d  immersion, 
large shifts depend on p u r i t y  of i n s u l a t i o n  as w e l l  as 
t empera tu re ,  t i m e ,  and immaersion, A t  p r e s e n t  t h e  most 
p r o m i s i n g  combina t ions  are (Xr=Ir,5O$,Rh) and  (Pt,6%Rh- 
Pt,30%Rh) when used wi th  high puri ty  i n s u l a t i o n  s u c h  as 
McDanel's a lumina  A b 3 5  o r  Norton's RA 7232. Tests now 
i n  p r o g r e s s  i n d i c a t e  t h a t  e i ther  o f  t h e s e  coup le  conk 
b i n a t i o n s  s h o u l d  be s u f f i c i e n t l y  a c c u r a t e  when used  i n  
a r g o n  at 1 4 0 0 O C  f o r  250 hours.  

I n v e s t i g a t i o n s  t o  date i n d i c a t e  t h a t  these 

The same g e n e r a l  f u r n a c e  d e s i g n  is used f o r  e a c h  of 
t h e  measurements except f o r  spec i f ic  heat, P r e s s u r e  s h e l l s  
made from a !+foot l e n g t h  of u - i n c h  s t e e l  pipe w i t h  f l a n g e s  
welded on e i the r  end house the fu rnaces .  Mounted i n  t h e  
c e n t e r  of each s h e l l  is a 36-inch a lumina  c o r e  on which 
t h r e e  molybdenum heaters are  wound. The a n n u l a r  space be- 
tween the  c o r e  and s h e l l  is f i l l e d  w i t h  z i r c o n i a  bubb le  
i n s u l a t i o n ,  The i n t e r i o r  of each u p r i g h t  f u r n a c e  is 
div ided  i n t o  a n  i n n e r  and o u t e r  chamber by a closed-end 
q u a r t z  o r  morgan i t e  t ube  ex tend ing  i n t o  the  b o r e  of the 
f u r n a c e  c o r e  p a s t  the  i s o t h e r m a l  zone. These tubes  are 
suspended from a f l a n g e  arrangement  which e f f ec t s  a seal 
between t h e  two chambers and p e r m i t s  t h e  Cb a l l o y  appa- 
ratuses w i t h  coup les ,  heat  s h i e l d s ,  and  g e t t e r i n g  s h r o u d s  
t o  be p o s i t i o n e d  i n  t h e  t u b e s o  The f u r n a c e s  are equipped  
so t h a t  each chamber may be evacuated i n d i v i d u a l l y ;  and 
pu r i f i ed  a r g o n  p r e s s u r e  may be adjusted, e i t h e r  up o r  
down, a t  c o n t r o l l e d  rates w i t h o u t  a t r a n s f e r  of gas from 
t h e  o u t e r  t o  t h e  i n n e r  chamber o r  a s i g n i f i c a n t  pressure 
d i f f e r e n t i a l  between the  two chambers, For measur ing  
p r e s s u r e s ,  calibrated bourdon gages and  manometers are  
used. 

The PVT o r  n u l l - p o i n t  a p p a r a t u s  is a closed Cb a l l o y  
p o t  w i t h  a n  i n s i d e  diameter of a b o u t  1-3/8inches and a 
h e i g h t  of a b o u t  2-1/3inches0 A p l a i n  diaphram, backed on 
e i t h e r  side, is welded a t  t h e  top  of the  c o n t a i n e r ,  A 
f o l l o w e r  is placed on t h e  diaphram, a n d  a p r o j e c t i o n  of  
t h e  f o l l o w e r  is  used t o  i n d i c a t e  t h e  p o s i t i o n  of t h e  
diaphram re la t ive  t o  p r o j e c t i o n s  from t h e  t o p  of the 
vessel, These p r o j e c t i o n s  w i l l  be observed  o p t i c a l l y  
th rough  a s i g h t  p o r t  i n  t h e  f u r n a c e  t o  d e t e r m i n e  t h e  
p o s i t i o n  of t h e  diaphram, 
of sodium w i l l  be placed i n  the  p o t  t h rough  a t u b e  a t  the  
bottom, and t h e  t u b e  w i l l  be pinched and welded after. 
e v a c u a t i o n  o f  t h e  po t ,  The pot  w i l l  be b rough t  t o  equi -  
l i b r i u m  temperatures i n  the  furnace ,  and a r g o n  p r e s s u r e s  
i n  t h e  f u r n a c e  w i l l  be a d j u s t e d  e q u a l  t o  t h e  sodium pres- 
sure i n  the  p o t  by p o s i t i o n i n g  t h e  diaphram at its n u l l  
p o s i t i o n .  The f u r n a c e  p r e s s u r e  is t h e n  a measure o f  t h e  
sodium pressure i n  the p o t ,  An apparatus is a l s o  being 
made i n  which t h e  n u l l  p o s i t i o n  of  t h e  diaphram w i l l  be 
d e t e r m i n e d  electrically.  

A v i l e  c o n t a i n i n g  a known weight  
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Density of l i q u i d  sodium w i l l  be  measured poin twise  i n  an appara tus  
of t h e  pycnometer type.  
and t h e  f i l l i n g  tube  w i l l  be  c u t  t o  a d e s i r e d  l eng th  i n  an i n e r t  gas 
chamber. An overflow vessel w i l l  be welded i n  p l a c e  around t h e  f i l l i n g  
tube ,  and t h e  appara tus  evacuated and closed.  The appara tus  i s  then  
brought t o  a maximum equi l ibr ium temperature  i n  a p re s su r i zed  furnace ,  
cooled,  and removed, Af t e r  removal of t h e  overflow vessel, t h e  amount 
of sodium i n  t h e  po t  of known volume w i l l  be  determined by weight and by 
chemical t i t r a t i o n .  

A pot  of known volume w i l l  be  f i l l e d  wi th  sodium, 

Vapor p re s su re  of t h e  sodium w i l l  be measured by a d i r e c t  b o i l i n g  
method with an apparatus  similar t o  t h a t  used by Makansi, e t  a1 (J. Phys. 
Chem. 59,  40,  1955) with t h e  a d d i t i o n  t h a t  h igher  p re s su res  w i l l  be  
m e a s u r z  with c a l i b r a t e d  bourdon gages. 

Spec i f i c  hea t  of l i q u i d  sodium w i l l  be  measured i n  a copper-block 
ca lor imeter  which has  been i n  use  f o r  s eve ra l  years .  This  ca lo r ime te r  
i s  a modified ve r s ion  of Southard 's  apparatus .  A con ta ine r  of sodium i s  
dropped from a furnace  a t  a known temperature  i n t o  t h e  ca lo r ime te r ,  and 
t h e  h e a t  evolved from t h e  furnace  temperature  t o  t h e  opera t ing  temperature  
of t h e  ca lor imeter  i s  measured. The hea t  capac i ty  of t h e  sodium i s  then  
der ived  from t h e  hea t  conten t  measurements by t h e  usua l  methods. I n  
order  t o  u s e  t h e  e x i s t i n g  ca lor imeter  without  redes ign ,  p r o t e c t i o n  of 
t h e  Cb-l%Zr a l l o y  w a s  at tempted with a f low of p u r i f i e d  argon without  
success .  While t h e  system i s  being modified f o r  b e t t e r  p r o t e c t i o n  of 
t h e  a l l o y ,  measurements are being continued with an inconel  con ta ine r ;  
and inconel w i l l  probably be used t o  1200°C. 

The s o l u b i l i t y  s tudy of Cb and Zr  (from Cb-lSZr a l l o y )  i n  sodium 
l i q u i d  was descr ibed  by M r ,  T. A. Kovacina a t  t h e  NASA-AEC Liquid-Metal 
Corrosion Meeting he ld  i n  Washington i n  December 1960 (NASA TN D-769, 
pg. 73 1. 

With t h e  r e s e r v a t i o n  t h a t  changes w i l l  be  made as ind ica t ed  by t h e  
c h a r a c t e r  of t h e  d a t a ,  t h e  q u a n t i t i e s  necessary t o  cons t ruc t  a Mol l ie r  
diagram w i l l  be  computed a s  follows: (1) Enthalpy and entropy of t h e  
l i q u i d  from s p e c i f i c  h e a t ;  (2)  The l a t e n t  hea t  of vapor i za t ion  and 
en t ropy  of vapor i za t ion  from t h e  Clapeyron equat ion  and vapor p re s su re ;  
(3 )  Spec i f i c  volume of t h e  vapor from t h e  PVT measurement; ( 4 )  S p e c i f i c  
volume of t h e  l i q u i d  from t h e  dens i ty  measurement; and (5) Enthalpy and 
en t ropy  of superheated vapor from t h e i r  r e l a t i o n  t o  t h e  change of volume 
wi th  respec t  t o  temperature  a t  cons tan t  p re s su re  and h e a t  of d imer iza t ion  
from PVT measurement. 
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THERMAL CONDUCTIVITY OF LITHIUM 

H. W. Hoffman, J. W. Cooke 
Oak Eiidge National Laboratory 

Temperature range: 600 to 1500°F 

Apparatus : (1) 

(2 1 

(4) 

(5) 

( 6 )  

Results: (1) 

Axial heat flow, comparison type (see Fig. 1). 

Thermal flux established by heat meters (type 347 
stainless steel) located above and below lithium 
sample region. 

Radial heat flow minimized by a coaxial guard tube 
in which longitudinal temperature gradient closely 
approximated that in test piece. 

Axial heat flow generated by a disk heater at top 
of upper heat meter; a water-cooled copper plate 
served as heat sink. 

Guard heating provided by a set of 10 individually 
controlled heaters located outside and coaxial with 
guard tube. 

Test unit positioned within a furnace to control 
temperature level; vacuum environment. 

Axial-temperature profiles (typical shown in Fig. 2) 
indicated small interfacial resistance and a less 
than j'$ deviation between heat flows calculated from 
upper and lower heat meters. 

Radial heat loss estimated to be less than l$ of 
axial heat flow in sample region. 

Thermal conductivity ranged from 27 Btu/hr-ft*'F at 
750°F to 29 Btu/hr=ft-OF at 1500°F (see Fig. 3). 
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U N C L A S S I F I E D  
ORNL-LR-DWG. 57713 

L I T H I U M  T H E R M A L  C O N D U C T I V I T Y  APPARATUS 
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U N C L A S S I F I E D  

= 0.4OF 

UPPER HEAT I LITHIUM 11 LOWER HEAT 
METER-347SSI SAMPLE I E METER-347SS 

0 1 2  3 4 5 6 7 8 9 10 
A X I A L  POSITION ( in)  

T Y P I C A L  A X I A L  T E M P E R A T U R E  
P R O F I L E ,  LITHIUM T H E R M A L  

C O N D U C T I V I T Y  S T U D Y  
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A S U B S I D I A R Y  OF A E R O J E T - G E N E R A L  C O R P O R A T I O N  

P.O.  B O X  77, S I N  R A M O N ,  C A L I F O R N I A  (NEAR S A N  F R A N C I S C O )  T W X  N U M B E R :  D A N V l l l E  1116 

T E L E P H O N E  V E R N O N  7-5311 CABLE ADDRESS: A G N U  

May 5 ,  1961 

M r .  A. W. Lemon, Jr. 
Battelle Memorial I n s t i t u t e  
505 King Avenue 
Columbus, Ohio 

Dear M r .  Lemnon: 

The attached surrmary b r i e f ly  describes the  l iquid metals work being 
performed a t  Aerojet-General Nucleonics. The Metallurgy Department 
is conducting the  Rubidium and Cesium Programs under contract  t o  
the U.S.A.E.C. Mr. David E. Deutsch is the  Project Manager and Mr. 
Peter  F. Young is the  Project Engineer f o r  both programs. These 
two programs are being carried out t o  develop basic  system design da ta  
on the  working f lu ids  involved before sys t em using these f lu ids  
progress t o  the  hardware stage. The program results, together with 
da t a  already published concerning N a ,  NaK and K, w i l l  allow the  best  
choice of working f lu id  fo r  a spec i f i c  turbo-generator s y s t e m  at  
the  beginning of system design ra ther  than delaying t h i s  decision 
u n t i l  long a f t e r  program in i t i a t ion .  

The SNAP VI11 Mercury Program is conducted by the  Engineering 
Division of AGN. M r .  John Payne is  the Project Engineer. This work 
is a design parameter study of t he  power-conversion system f o r  t h e  
ex i s t ing  SNAP VI11 concept. 

AGN extends an inv i ta t ion  to  those with a technical  i n t e r e s t  i n  
l iqu id  metals technology, par t icu lar ly  the  attendees of the  BMI 
Liquid Metals Conference, to  v i s i t  AGN at t h e i r  convenience f o r  
discussions d our l iqu id  metals work and inspection of our experimental 
f a c i l i t i e s .  

Very t r u l y  yours, 

AERDJET-GENERAL NUCLEONICS 

RWC:br 

A 
A Z U S A  . S A N  R A M O N  S A C R A M E N T O  

C A L I F O R N I A  
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L I Q U I D  METALS WORK SUMMARY* 

I. INTRODUCTION - AEROJET-GENERAL L I Q U I D  METALS PROGRAM 

A. RUBIDIUM PROGRAM 

The objective of t h i s  program (USAEC Contract AT(O4-3)-251) is t o  
test materials fo r  compatibility with high temperature rubidium l iqu id  and 
vapor under s t a t i c  and dynamic conditions and t o  determine experimentally some 
thermodynamic and physical properties of rubidium. 

1. S t a t i c  Corrosion Capsule Tests 

The s t a t i c  corrosion tests w i l l  be conducted in  a boi l ing  re- 
f luxing t e s t  capsule developed at  AGN. 
Design t e s t  conditions for  the capsule are shown below. 

A cross-section view is shown i n  Figure 1. 

Temperature of capsule w a l l  = 1800°P 
Time Duration = 500 hrs 
Coolant i n  Coils Water 
Containment Vessel Argon, pur i f ied  through 

molecular s i eve  and zirconium chip 
furnace (15009) 

A s t a t i c  capsule corrosion test run has been completed on dry 
hydrogen annealed type 316 s t a in l e s s  s t e e l  tubing, 0.5" O.D. X 0.049" w a l l  thickness. 
The test sample contained 12.5 grams rubidium and w a s  run fo r  50 hrs a t  1550% 
and 50 hrs a t  1800°F. Estimated in t e rna l  pressure i n  the  test  capsule w a s  192 p s i  
a t  1800°F, resu l t ing  i n  about 980 p s i  tube w a l l  stress. 

Very l i t t l e  a t tack  w a s  observed on the  s t a i n l e s s  steel. A small 
deposit of c rys ta l s  found i n  the  colder region is  believed t o  have resulted from 
mass t ransfer ;  however, the c rys t a l s  have not been ident i f ied  a t  present. The 
sur face  of the  s t e e l  is etched l i g h t l y  j u s t  above the  liquid-gas in te r face .  Metallo- 
graphic examination of t h i s  region showed s l i g h t  intergranular a t tack .  Corrosion 
e f f e c t s  were more pronounced i n  the vapor region than i n  the  l iqu id  region. 
r e s u l t s  of t h i s  test ind ica te  that 316 s t a i n l e s s  s t e e l  is  adequate fo r  containment 
of rubidium i n  short  t i m e  exposures a t  1200°F and low stress leve ls .  

The 

The successful operation of t he  316 s t a i n l e s s  steel capsule 
demonstrated the  workability of t h i s  capsule design. 
capsule corrosion t e s t  program is now being car r ied  out fo r  t he  following materials 
and conditions : 

A more extensive rubidium 

a. 
corrosion effects.  

Boiling-ref luxing capsule t e s t s  using rubidium w i l l  determine 

*Presented by Ray W. Carpenter  
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0 Material Tested Time,  Approximate Hours Temperature Range F 

Cb-1% Z r  1000 1400-2000 
Mo-0.5% T i  1000 1400-2000 
A V Base Alloy 1000 1000- 1200 
A N i  Base Alloy 1000 1200-1800 
such  as Inconel  X 
A B e  Al loy  1000 1000-1600 

b. Equi l ibr ium s o l u b i l i t i e s  as a f u n c t i o n  of t empera ture  f o r  
t h e  capsu le  materials i n  rubidium w i l l  be determined.  T ime  of t es t  is  expected 
t o  be  50-100 h r s  i n  t h e  temperature  range 1000° t o  2000'F. 

c .  Mechanical p rope r ty  tests on t h e  capsu le  materials a f t e r  
tes t  t o  determine t h e  e f f e c t s  of rubidium cor ros ion .  

2 .  Loop Program 

The loop w i l l  p rovide  informat ion  on t h e  des ign ,  c o n t r o l  and 
in s t rumen ta t ion  of b o i l i n g  f lowing l i q u i d  metal systems , t h e  c o r r o s i v e  e f f e c t s  
of b o i l i n g  flowing rubidium, and t h e  s p e c i f i c  hea t  of rubidium. The tempera ture  
range of i n t e r e s t  is 10000 t o  1SOOOF. 

The loop system is shown i n  F igu re  2.  It c o n s i s t s  of t h r e e  
d i s t i n c t  p a r t s  o r  subassemblies:  t h e  rubidium o r  primary loop,  t h e  argon gas 
loop,  and t h e  wa te r  c i r c u l a t i o n  loop.  5 

The primary loop c i r c u l a t e s  t h e  rubidium, h e a t s  it a t  one end 
and coo l s  it a t  t h e  o t h e r ,  and main ta ins  a set p r e s s u r e  of argon gas on t h e  
f lowing rubidium t o  c o n t r o l  t h e  b o i l i n g  rate. The rubidium is hea ted  by d i r e c t  
e l e c t r i c a l  r e s i s t a n c e .  The metal is  c i r c u l a t e d  by an e l ec t romagne t i c  pump.. 
P r e s s u r e  is maintained i n  t h e  loop by ba lanc ing  t h e  argon gas p r e s s u r e  over  t h e  
rubidi.m i n  the  s u r g e  t ank  a g a i n s t  t h e  vapor p r e s s u r e  of t h e  b o i l i n g  rubidium a t  
t h e  o p e r a t i o n a l  temperature .  
i n  t h e  c i r c u l a t i n g  r u b i d h m  and s imula t e s  a space  power system h e a t  r e j e c t i o n  
r a d i a t o r .  

The condenser-cooler  provides  a tempera ture  d i f f e r e n t i a l  

a. Heater Design 

The h e a t i n g  system is d iv ided  i n t o  two s e c t i o n s .  
h e a t s  t h e  rubidium t o  a temperature  a t  o r  n e a r  t h e  maximum of 19000F. 
second (bo i l e r )  s ec t ionprov ides  a d d i t i o n a l  h e a t  t o  b o i l  t h e  l i q u i d  metal and 
raises t h e  vapor q u a l i t y  t o  t h e  d e s i r e d  va lue  a t  t h e  b o i l e r  o u t l e t .  

The f i r s t  
The 

Heater  Parameters : 
Length = 6.0 f e e t  
Tubing s i z e  = 0.25 i n .  O.D. X 0.150 i n .  I.D. 
Max. Liquid Ve loc i ty  = 10 f e e t / s e c  
Max. hea t  i n p u t  = 32,500 B tu /h r  or 103,000 B t u / h r / f t 2  

= 19ooop 
= 0.94 p s i  

tmaX 
0- 

Max. Vapor q u a l i t y  = os, 



1 

FIm 2 
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B o i l e r  Parameters :  
Length = 5.0 f e e t  
Tubing s i z e  = 0.5 i n .  O.D. X 0.400 i n .  I . D .  
Max. Vapor Ve loc i ty  = 7 1  f e e t f s e c  
M a x .  hea t  i npu t  = 61,200 B tu fh r  o r  89,000 B t u f h r f f t ’  

= 19oooF 
= 2 . 3  p s i  
= 50% 

tIMX 
AP,aX 

M a x .  Vapor Q u a l i t y  

The argon gas loop s e r v e s  t h e  double  purpose of removing hea t  
from t h e  rubidhm loop and of provid ing  a p r o t e c t i v e  atmosphere f o r  t h e  columbium 
loop i n  t h e  environmental  chamber. A l a r g e  axial  f an  blows argon through t h e  system. 
About 1 t o  2% of t h e  argon flow is  cont inuous ly  d i v e r t e d  through a p u r i f i c a t i o n  t r a i n  
t o  remove O2 , 
t o  determine p u r i t y  and e ec t iveness  of the p u r i f i c a t i o n  t r a i n .  Normal p u r i t y  
d u r i n g  ope ra t ion  i s  0 .3  ppm 0 i n  t h e  environmental  chamber. 2 

. The argon i s  sampled a t  va r ious  po in t s  i n  t h e  sys tem 
N2’ and H2°h5) 

b. Argon Loop Design 

The blower t o  provide  argon flow i s  a two-stage a x i a l  f an  
r a t e d  a t  1100 c f m  a t  a AP - 1.3 l b  a t  1 5 0 9 .  The fan  is s e a l e d  i n t o  t h e  system and 
u t i l i z e s  s p e c i a l  seals , l u b r i c a n t s  and i n s u l a t i o n  t o  minimize ou tgass ing  and thermal  
decomposition. Plumbing i s  6 i n .  d iameter  carbon s tee l  s u r f a c e  t r e a t e d  t o  minimize 
ox ida t ion .  A l l  j o i n t s  are e i t h e r  welded o r  “0” r i n g  s e a l e d .  T o t a l  -‘*P i n  t h e  loop 
is expected t o  be less than 1 p s i  a t  t,, = 300°F. 

The water loop e x t r a c t s  hea t  from t h e  argon.  A s m a l l  pump 
c i r c u l a t e s  t he  water  through a flow rate c o n t r o l  va lve  t o  t h e  hea t  exchanger and 
o u t  t o  a cool ing  tower which r ecoo l s  t h e  water. 

c .  Water Loop Design 

Design s p e c i f i c a t i o n s  are shown - - Type 
Max. Temp. Argon ( i n l e t ) =  
Max. Temp. Argon ( o u t l e t )  
Max. Temp. Water ( o u t l e t )  
Max. Temp. Water ( i n l e t )  
Max. Flow Rate (argon) = 
Max. Flow Rate (water)  = 

below: 
c losed  c y c l e  forced  c i r c u l a t i o n  
300°F 
1500F 
85 OF 
7 5 9  

51,500 l b s f h r  
10,000 l b s f h r  

Standard t u b e - i n - s h e l l  des ign  connected t o  argon s y s t e m  by 
Cooling water from c losed  c i r c u i t  p re s su r i zed  p l a n t  water  coo l ing  “0” r i n g  seals. 

s ys t e m .  

The t h r e e  loops are i n t e r l o c k e d  by t h e  necessa ry  in s t rumen ta t ion  
and c o n t r o l s  t o  provide s t a b l e  ope ra t ion .  
t h e  fol lowing:  

Ins t rumen ta t ion  and c o n t r o l  c o n s i s t  of 

(1) Temperature readout  of loop,  environmental  chamber and 
c o o l i n g  system by chromel-alumel and platinum-platinumfrhodium thermocouples.  
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( 2 )  P r e s s u r e  readout and au tamat ic  c o n t r o l  of argon 
p r e s s u r e  bo th  i n  t h e  loop and i n  t h e  environmental  chamber. 

(3) Rubidium flow rate readout  and manual c o n t r o l  by a 
l i q u i d  metal pump and flowmeter system. 

(4) Argon and water  coo l ing  systems f low rates by 
au tomat ic  c o n t r o l  of t empera ture  and flow rate. 

(5) Manual loop h e a t e r  c c n t r o l .  

A t  p re sen t  two primary loops have been b u i l t  f o r  t h i s  u n i t ;  t h e  
f i r s t  w a s  of 316 s t a i n l e s s  s t e e l .  This  loop was run f o r  172 h r s  at  155OOF at  
approximate ly  15% vapor q u a l i t y  of rubidium t o  check out des ign  concepts  f o r  t h e  
loop  and t o  ga in  ope ra t ing  exper ience .  The Cb-1 Z r  loop has been f a b r i c a t e d ,  
i n s t a l l e d  and is p r e s e n t l y  ope ra t ing  a t  1 7 8 0 9 ,  160 p s i a  argon p r e s s u r e  a t  approx- 
ima te ly  5 t o  10% vapor q u a l i t y .  
c o n d i t i o n s  (cont inuous b o i l i n g )  wi thout  malfunct ions of any type .  The loop system 
w i l l  be  s h u t  dawn a f t e r  1000 h r s  of ope ra t ion  and examined f o r  c o r r o s i o n  e f f e c t s .  

It has been ope ra t ing  f o r  100 h r s  under des ign  

3. Thermodynamic Measurements 

F igu re  3 is a drawing of t h e  test  appara tus  used t o  measure t h e  
vapor p r e s s u r e  and l a t e n t  hea t  of vapor i za t ion  of rubidium. The c y l i n d r i c a l  Incone l  
v e s s e l  is about 6.0 in .  d i a .  X 12 i n .  high. The condensate  c o l l e c t i o n  r e s e r v o i r  
volume is about 30 cc.  It has two CO-60 r a d i a t i o n  sources  (about 0.5 mc each) f i t t e d  
a t  t o p  and bottom ad jacen t  t o  reduced volume s e c t i o n s .  
has been c a l i b r a t e d  between t h e s e  two sources  f o r  measurement of t h e  rubidium 
b o i l i n g  rate dur ing  ope ra t ion .  

The volume of t h e  r e s e r v o i r  

The b o i l i n g  appara tus  is evacuated and charged w i t h  about  t h r e e  
pounds of rubidium m e t a l ;  then  placed i n  t h e  thermal  r a d i a t i o n  s h i e l d  assembly and 
t h e  e n t i r e  u n i t  placed i n  a vacuum chamber. A l l  ope ra t ions  a r e  conduced i n  a vacuum 
chamber Hg) t o  e l i m i n a t e  convect ive and conduct ive h e a t  l o s s .  T e s t  runs 
c o n s i s t  of e s t ab l i shmen t  of thermal  equ i l ib r ium between t h e  b o i l i n g  v e s s e l  and s h i e l d  
assembly ( h e a t e r )  at  a number of success ive  tempera tures  between 1000 and 18OOOF. 
A t  each  e q u i l i b r i u m  po in t  t h e  rubidium s a t u r a t i o n  tempera ture  and vapor p r e s s u r e  w i l l  
be  recorded  and A H  measured. 

VaP 
To measure dHVap t h e  fo l lowing  must be  known: 

a. Heat l o s s  from t h e  b o i l i n g  appa ra tus  (determined du r ing  a 

b. The t o t a l  b o i l i n g  heat i npu t .  
c.  The b o i l i n g  rate. 

n o - b o i l i n g  run) 

The rate of b o i l i n g  w i l l  be  determined by measuring t i m e  
r e q u i r e d  t o  f i l l  t h e  c a l i b r a t e d  volume i n  t h e  condensate  c o l l e c t i o n  r e s e r v o i r .  
(The d e n s i t y  of Rb(liq) as f ( tempera ture)  w i l l  be  measured i n  a s e p a r a t e  appa ra tus ) .  

d e n s a t e  r e s e r v o i r .  The change i n  count rate t h a t  w i l l  be no e 
readout  ins t rument  when t h e  Rb(liq) s h i e l d s  each of t h e  CO-60 sources  w i l l  i n d i c a t e  

During b o i l i n g  ope ra t ion  t h e  condensed Rb (lig)d flcrws i n t o  t h e  con- 
on t h e  r a d i a t i o n  
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t h e  t i m e  rate of b o i l i n g .  
chromel-alumel thermocouples assumed accura t e  t o  ? 5% a t  lOOOOF and 
18009. 

The rubidium temperature  is  measured wi th  p ro tec t ed  
9% a t  

These thermocouples are t o  be  c a l i b r a t e d  i n  t h e  n e a r  f u t u r e .  

From t h e s e  measurements then t h e  l a t e n t  h e a t  of vapor i za t ion  of 
rubidium, A \ can be  c a l c u l a t e d .  

aP'  

where 

q = b o i l i n g  hea t  input ,  c a l / s e c  
t = t i m e  t o  f i l l  t h e  c a l i b r a t e d  reseruir, sec 
V = condensate  r e s e r v o i r  volume, c c  
P = condensate  d e n s i t y ,  gm/cc 

The syphon shown i n  F igure  3 w i l l  empty t h e  condensate  r e s e r v o i r  
a u t o m a t i c a l l y  when it  is  f u l l  and a l low the  cont inuous ope ra t ion  of t h i s  ins t rument  
wi thout  shutdown w i t h i n  t h e  tempera ture  range f o r  which it is designed.  

The p r e s s u r e  s e n s i t i v e  t ransducer  t o  measure t h e  rubidium vapor  
p r e s s u r e  is  a 0-250 p s i a  s t r a i n  gage type produced by CEC. 
number 4-326. 
p r e s e n t  a t  t h e  des igna ted  temperature .  

It is des igna ted  model 
This  u n i t  measures t h e  t o t a l  p r e s s u r e  exe r t ed  by a l l  vapor  s p e c i e s  

F igu re  4 shows t h e  vapor p r e s s u r e  d a t a  developed t o  d a t e .  This  
curve  r e p r e s e n t s  60 d a t a  po in t s  i n  t h e  temperature  range shown. 
and t h e  p r e s s u r e  s e n e i v e  t r ansduce r  used i n  t h i s  work have been c a l i b r a t e d .  The 
exper imenta l  l i m i t s  of e r r o r  is ?3%. 

The thermocouples 

F igu re  5 shows t o p  and c ross - sec t ion  views of t h e  capsu le  used t o  
measure t h e  d e n s i t y  of l i q u i d  rubidium as a func t ion  of tempera ture .  This  is a 
s imple  "spark  plug" type  l e v e l  i n d i c a t o r .  
t h e  riser tube  as t h e  capsu le  is  s lowly  hea ted ,  it s u c c e s s i v e l y  s h o r t s  out  t h e  f o u r  
graduated  e l e c t r o d e s .  
and thus  t h e  l i q u i d  m e t a l  d e n s i t y  can be measured. Unfor tuna te ly ,  t h e  rubidium 
vapor  p r e s e n t  i n  t h e  capsule  caused e r r a t i c  ope ra t ion  of t h e  e l e c t r o d e s  above 1350% 
so t h a t  d e n s i t y  d a t a  could only  be  obtained up t o  t h i s  tempera ture .  This  occurred 
w i t h  t h e  capsu le  p re s su r i zed  t o  4 5  p s i a  w i th  argon a t  room tempera ture ;  t h i s  is  
s u f f i c i e n t  t o  prevent  b o i l i n g  a t  1800OF. F igu re  6 shows t h e  d e n s i t y  vs .  t empera ture  
d a t a  t h a t  has  been measured t o  d a t e .  
so  t h i s  curve  must be  cons idered  pre l iminary .  

When t h e  l i q u i d  metal expands upward i n  

The i n t e r i o r  capsule  volume has been p rev ious ly  c a l i b r a t e d  

The thermocouples used have not  been c a l i b r a t e d  

A new appara tus  w i l l  be used t o  measure t h e  d e n s i t y  of l i q u i d  

The 
rubidium up t o  18000F. The dev ice  c o n s i s t s  of an overf low pycnometer s e a l e d  i n t o  
a p r e s s u r i z e d  capsu le  f a b r i c a t e d  from Haynes 25, a coba l t -base  a l l o y .  
atomosphere i n s i d e  t h e  capsule  w i l l  be p u r i f i e d  argon. 
c a l i b r a t e d  rubidium r e s e r v o i r  i n s i d e t h e  capsu le  w i l l  be  f i l l e d ;  t h e  capsu le  
p re s su r i zed  w i t h  argon,  s e a l e d ,  and then t h e  e n t i r e  u n i t  p laced  i n s i d e  a fu rnace  
and uni formly  heated t o  t h e  des i r ed  temperature .  I n  ope ra t ion  t h e  rubidium i n  
t h e  c a l i b r a t e d  v e s s e l  w i l l  overflow through a c a p i l l a r y  tube  due t o  i t s  bul,k 

P r i o r  t o  ope ra t ion ,  t h e  
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cn 
d s t w 

thermal  expansion.  
Upon coo l ing ,  t h e  weight of rubidium l e f t  i n  t h e  c a l i b r a t e d  v e s s e l  d iv ided  by 
t h e  v e s s e l  volume w i l l  y i e l d  d e n s i t y  of t h e  l i q u i d  a t  t h e  s p e c i f i e d  temperature .  
Thermocouples w i l l  be used t o  measure t h e  tempera ture  of t h e  capsule  d u r i n g  
o p e r a t i o n .  

The overflow of rubidium i s  caught i n  a small thimble.  

B. CESIUM PROGRAM 

Aerojet-General  Nucleonics w i l l  beg in  a Cesium Evalua t ion  Program in 
J u l y  of 1961. Th i s  program w i l l  develop t h e  same type  of data now be ing  genera ted  
f o r  rubidium by AGN. This  d a t a  w i l l  permit  t h e  o b j e c t i v e  comparison of cesium, 
rubidium, and potassium f o r  u se  as a working f l u i d  in  h igh  power d e n s i t y  and 
l i g h t  weighr: n u c l e a r  tu rbo-genera tor  space  power systems.  The phases of t h e  
program a r e  desc r ibed  below: 

1. Phase I - Loop F a b r i c a t i o n  

Design and f a b r i c a t e  a forced-convect ion b o i l i n g  hea t  t r a n s f e r  
loop s i m u l a t i n g  power conversion system c h a r a c t e r i s t i c s  t o  determine t h e  n a t u r e  
and e x t e n t  of c o r r o s i v e  and e r o s i v e  a t t a c k  by cesium under dynamic c o n d i t i o n s .  
T e s t  s e c t i o n s  w i l l  i nc lude  s t r a i g h t  and curved p i p e s ,  v a l v e s ,  pumps, and o r i f i c e s .  
The range  of cesium l i q u i d  v e l o c i t i e s  w i l l  be 10 t o  20 f t l s e c .  

The h e a t e r  w i l l  be  designed t o  provide  v a p o r i z a t i o n  of l i q u i d  cesium 
t o  about  50% vapor q u a l i t y ,  a t  least at t h e  lower f l u i d  v e l o c i t i e s .  

2. Phase 11 - Loop Operat ion 

Loop ope ra t ion  a t  l o w  f l u i d  v e l o c i t i e s  w i l l  produce cesium 
tempera tures  at  t h e  h e a t e r  e x i t  and c o o l e r  o u t l e t  of 1800' t o  20000F and 1200° t o  
1 4 0 0 9 ,  r e s p e c t i v e l y .  The loop w i l l  be run cont inuous ly  f o r  1000 h r s  under t h e s e  
c o n d i t i o n s .  Af t e r  ope ra t ion  t h e  loop w i l l  be d ismant led ,  s e c t i o n e d ,  and be  given 
complete m e t a l l u r g i c a l  examination. 

3. Phase I11 - Thermodynamic Data 

a. Necessary equipment f o r  t h e  de t e rmina t ion  of C as a f u n c t i o n  
of tempera ture  f o r  l i q u i d  cesium w i l l  be des igned ,  b u i l t ,  and t h e  experiments  w i l l  
be conducted. 

P 

b. Equipment necessary  f o r  t h e  measurement of vapor p r e s s u r e  as a 
f u n c t i o n  of tempera ture  and t h e  l a t e n t  hea t  of vapor i za t ion  w i l l  be  cons t ruc t ed  and 
t h e  r e q u i r e d  &ta measured. The vapor p r e s s u r e ,  t h e  s p e c i f i c  h e a t ,  t h e  l a t e n t  hea t  
of v a p o r i z a t i o n  w i l l  be  measured over  t h e  tempera ture  range from 1000 0 t o  2000%. 

c .  Entropy, hea t  con ten t ,  and vapor s p e c i f i c  volume p r o p e r t i e s  
w i l l  be c a l c u l a t e d  from t h e  above l i s t e d  exper imenta l  d a t a .  

C. SNAP V I 1 1  - MERCURY PROGRAM . 
Aeroje t -Genera l  Nucleonics is  a s u b c o n t r a c t o r  t o  t h e  Power Equipment 

Div i s ion  of t h e  Aero je t  General  Corporat ion on t h e  SNAP V I 1 1  program. This  program 
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is  suppor ted  by NASA and is developing  a mercury rankine  power p l a n t  f o r  space  
power a p p l i c a t i o n s .  
f o r  thesystem. Among t h e  f a c i l i t i e s  t h a t  have been b u i l t  f o r  t h i s  program are 
a l a r g e  b o i l i n g  mercury h e a t  t r a n s f e r  experiment and a mercury condensing experiment .  
Tests are being conducted t o  de te rmine  h e a t  t r a n s f e r  r a t i o ,  p r e s s u r e  drop ,  and l i q u i d -  
vapor i n t e r f a c e  8 t a b  i l i t y  . 

AGN is developing  t h e  mercury b o i l e r  and condense r - r ad ia to r  

I n  a d d i t i o n ,  a mercury co r ros ion  program is be ing  conducted t o  e v a l u a t e  
v a r i o u s  a l l o y s  from t h e  s t andpo in t  of s o l u b i l i t y ,  stress c o r r o s i o n ,  and i n t e r -  
g r a n u l a r  pene t r a t ion .  This program i s ,  i n  t h e  n e a r  f u t u r e ,  scheduled t o  o p e r a t e  
l a r g e  s i z e d  (60 Kwe) p u r i f i e d  c o r r o s i o n  loops t o  e v a l u a t e  promising a l l o y s  f o r  
mercury containment.  
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LIQUID-ME!l!AIS PHYSICAL P R O ~ I E S  PRDORAM" 
PRATT 8 WHITNEY AIRCRAFT 

Description: 

Thtoretical calculations, by two different methods, have sham thut great 
uncertainties udst in predicting the solubillty of gases in liquld metals. 

apparatus simihu to  Grimes et. a1. has been constructed irmp type 316 
stainless steel which will be wed t o  obtain datr with helim in llthitan 
t o  l500F. The &as and liquid metal are  equilibrated at  test taapemture, 
transferred t o  a low temperature pot, and stripped with a second gas. 
gas concentration i s  then obtained by nass spectrmetry. 
also be used with radioactive p r t e r i s l a .  

The 
The equlpmt can 

status : 

The equipuent has been fabricated and pre3.Imhu-y data bsn beea obtalne&. 
Th! data are in substsntlal agrcercnt with theoretical calculations b e d  
011 the bole metbod. 
litbiu. 

Test data will be obtalned t o  l500F with helim am3 

Description: 

The deterrmination of the electrical resistivity of liquid metals. 
347 stainless steel tube 16 inch long by 0.56 inch insiae diameter was 
filled w i t h  a l k a l i  metal and sealed under mcuwu. Confact points were 
medc on a 12 inch section, the tube thm placed in a nickel block ka t  rink 
and carefully insulated. kasurcnmts can be made t o  1-F. Resistivity 
messurerpents axe made by means of a high sensitivity electrical circuit. 

A type 

ststus: 

The resis t ivi ty  of l l t h l m n  and lJsK t o  l6OOF have been canpleted. 
square equations are: 

IiL: 

HSK (5% a) 

Icast 
(t = OC) 

(microhr-cm) 

(dcmh-) 

= 

= 

17.20 + 5.24 x loo2 t - 4.46 x 104 t2 + 2.28 x 10-8 t 3  

29.55 + 56.63 x 10-3 t - 22.15 x lo4 t 2  + 
46.95 110-9 t 3  

*Presented by Robert Cleary,  P r a t t  8 Whitney A i r c r a f t  
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Descript ion: 

Using the Weideman-Franz relationship and 8 brenz number obtained from pre- 
liminary thermal conductivity cla3 Of Eking and Grand (unpublished data) for 
lithium and 8 value of 2.45 x 10 
been calculated. 

for NaK the thermal conductivities have 

status: 
-1 

Id: 

NaK (5% Na); K (watts/cm OC) = (3.234 + 468 T'l -24.74 x 

K (watts/cm OC) = (3.79-42.1 TO1 - 2.93 x 10-3 T + 1.06 x lo4 $) 

T + 19.16 x 10-7 !$)'I 

LIQUID METAL VISCOSITY 

Description: 

The determination of liquid metal viscosities to 2XK)F by means of a rotating 
cup viscometer. The equipnent consists of an Inconel chamber, molybdenum cup 
and spindle and a calibrated torsion wire. 
evacuation and subsequent inert gas operation. 
adopted for rotating sphere operation. 

Provision has been made for 
The system can readily be 

status : 

Thc equipment is presently being assembled and should be operable by MBy 30, 1961. 

VAPOR PRESSURE AND GAS PROPERCIES 

Description: 

Determination of vapor pressure and vapor densities of liquid metals at temper- 
atures up to 3000F. 

Status : 

IQuipnent is presently being designed. 
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ELECTRICAL RESISTIVITY OF LIQUID LITHIUM AND NaK 

I 0 DATA OF PRATT 8 WHITNEY I I 

TEMPERATURE, F 
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THERMAL CONDUCTIVITY OF LlOUlD LITHIUM AND NaK 

. 
TEMPERATURE, F 
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DEPARTMENT OF CHEMICAL ENGINEERING 

A p r i l  13, 1961 

Alexis W, Lemon, Jr. 
B a t  t e l l e  Memorial Inet i t u t  
505 King Avenue 
QDlumbus 1, O h i a  

Dear &. Letmmon: 

We are ac tua l ly  only beginning again our 
work on l i q u i d  metale, an8 are not in a posit ion t o  
provide much r e p a r e d  material, However, I f  I oan 
get any drawing8 out of my aeeistante before the 
meet-, f W i l l  8end O F  bring th0S t o  ~ U O  

The topior we are starting t o  work on 1- 
d u d e  the  following: 

Heat t ransfer  In the condensing of K anU 
Rb vapor8 a t  r e l a t ive ly  l a w  temperatures; 

Approximate boiling t r ans fe r  i n  the same 
equipwent (pool boiling) ; 

V a p o r  pressure of Rb and probably Ce up t o  
appraxlmately 100 lbs per square inch; 

Thermoeleotfio potent ia l  of It and Rb againat 
standard metals; 

Pool boiling heat t ransfer  t o  It, a more 
aocurately and t o  higher heat f l u x  than under 
(2) above; 

Cr i t loa l  temperature and pressure of Rb, IC, 
and Ha, a8 feaeible In that order. 
I eoula spend anywhere f r o m  t en  miautes t o  

I have a reservation on TWA 37l, ar r iv ing  

one-half hour or more deeerlbing the above topios 
qt la l i ta t ively a t  a blackboard. 

Columbus 9:35 porn, SunUay, A p r i l  23rU, anU would apprecsiato 
a reeervation for that night a t  the Oleatangy Inn, 

NASA-CLEVELAND. OH10 E-1459 


